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Abstract
Antibiotic resistance has led to the search for more effective antimicrobial agents among plant materials that can serve as source
and template for the synthesis of new antimicrobial drugs. The current study aims to analyses the oil, extracted from the leaves of
Crotalaria  pallida  for its physicochemical and antimicrobial properties. Leaf oil was extracted by petroleum ether (40–60 ◦C) and
its fatty acid constituents were isolated as a mixture after saponification. Mixture of fatty acid was purified by TLC and characterized
by IR, GC and GC–MS analysis by converting them into their FAME. MIC of the oil against the Gram positive and Gram negative
bacteria was determined by agar diffusion method. Nineteen fatty acids were identified by gas-liquid chromatography followed by
GC–MS. It was found that unsaturated fatty acids were present in greater amounts than saturated fatty acids. Most predominating
unsaturated and saturated fatty acids were linolenic acid (34.06 ±  0.23%) and palmitic acid (24.47 ±  0.22%) respectively. The acid
value (19.63 ±  0.22) and saponification value (109.08 ±  2.87) were also estimated to evaluate the quality of the oil. The oil showed
good antimicrobial activities against Gram-positive bacteria, Bacillus  subtilis  as well as Gram-negative bacteria, Escherichia  coli
and Acinetobacter  junii.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
The indiscriminate use of antimicrobials exagger-
ates the problem of antibiotic resistance, resulting in the∗ Corresponding author. Tel.: +91 9434157801.
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limited life span of antimicrobials. Antibiotic resistance
makes the treatment of infectious disease difficult, costly
or even impossible. The non-availability and high cost of
new-generation antibiotics with a limited effective span
have resulted in an increase in morbidity and mortal-
ity [1]. The magnitude of the problem is worldwide.
The impacts of antibiotic resistance on human health,
the costs for the healthcare sector and the wider soci-behalf of Taibah University. This is an open access article under the
etal impact are still largely unknown [2]. The potential
risks of using synthetic drugs have been reported [3].
It necessitates the continuous search for alternatives [4].
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gents of plant origin with potential useful active ingre-
ients capable of serving as a source and template for
he synthesis of new antimicrobial drugs [5,6]. Conse-
uently, the utilization of traditional plant extracts as
ell as other alternative forms of medicinal treatments
as been gaining momentum since the 1990s [7]. It has
een estimated that 60–90% of the population of devel-
ping countries use traditional and botanical medicines
lmost exclusively, considering them a normal part of
rimary healthcare [8].
Oil constituents are typically produced by plants for
heir own uses. They are liquid at room temperature,
hough a few of them are solid or resinous. Their colour
anges from pale yellow to emerald green and from blue
o dark brownish red [9]. All plant organs synthesize
il, which is stored in secretary cells, cavities, canals,
pidermis cells or glandular trichomes [10]. In addition
o the usefulness of oil in the food and beverage indus-
ry, their broad spectrum of biological activities has led
o an increased interest among researchers [11,12]. The
echanism of action of oil is still unclear. Some studies
uggest that after penetrating the cell, these compounds
isturb the cellular membrane, interfere with cellular
etabolism and/or react with the active sites of enzymes
13].
The plant Crotalaria  pallida  Aiton family Fabaceae is
n annual erect herb approximately 1.50 m in height that
rows widely in tropical and subtropical regions of India
14]. The stems yield fibre similar to sunn hemp, and
he seeds are used as a substitute for coffee [14–16]. The
lant is used as a good cover crop in tea, coconut and rub-
er plantations to check soil erosion and also serves as a
reen manure [16]. Various parts of this plant are used in
olk medicine to treat urinary infections and the swelling
f joints [16]. Chemical investigations on this plant are
ainly confined to alkaloids and flavonoids [17–21].
hemical analysis of leaf oil and its antibacterial activ-
ties are yet to be reported. The present communication
eals for the first time with the physicochemical char-
cterization and antimicrobial activities of oil extracted
rom the leaf of C.  pallida.
.  Materials  and  methods
.1.  Plant  materials  and  chemicals
Fresh and matured fully expanded and undamaged
eaves of Crotalaria  pallida  were collected from the
ampus area of the University of Burdwan, Burdwan, W.
engal, India, in the morning in the middle of December
013 and authenticated by Prof. A. Mukherjee, Depart-
ent of Botany, The University of Burdwan, Burdwan,ty for Science 10 (2016) 490–496 491
W. Bengal. A voucher specimen (Sushobhan 203) has
been deposited at the herbarium of the Department of
Botany at the University of Burdwan, Burdwan, bearing
the acronym BURD.
Standard fatty acid methyl esters (FAMEs), includ-
ing a mixture of 37 components, were purchased from
Supelco, USA. All chemicals used in this experiment
were of analytical grade and were purchased from
Sigma Chemical Co. (USA) except petroleum ether
(40–60 ◦C) and chloroform, which were procured from
Merck (India).
2.2.  Isolation  of  oil  from  the  leaves  of  C.  pallida
Fresh leaves (150 g) were air dried and finely pow-
dered and extracted with petroleum ether (40–60 ◦C) in
a soxhlet for 72 h. After complete removal of the sol-
vent under vacuum, an oily substance was obtained. The
total oil was weighed and stored at 4 ◦C for further anal-
ysis. The colour and state of the oil were noted visually.
Chemical analysis of the oil of the leaves (including acid
value and saponification value) was performed according
to the methods of the Association of Official Analytical
Chemists [22]. The density and specific gravity of the oil
were also determined.
2.3.  Infrared  spectral  analysis
Infrared spectral analysis of the mixture of fatty acids
was obtained after saponification of the oil was carried
out in a Perkin-Elmer FT-IR spectrometer (Model No.
Spectrum RX 1, Holland) using solid KBr, and the bands
were characterized in the usual way.
2.4.  Preparation  of  FAME
The extraction of fatty acids from the leaf oil was car-
ried out according to the method described by Wilkfors
et al. [23]. Fatty acid methyl esters (FAMEs) were pre-
pared by methylation with 12.5% boron trifluoride (BF3)
in methanol [23]. The methyl ester of the fatty acid mix-
ture was purified by preparative TLC using hexane:ethyl
acetate (1:1) as a chromatographic solvent. The fatty acid
methyl ester band was eluted with chloroform (Merck,
India) and stored in a refrigerator for further analysis.
2.5.  GC-analysis  of  FAMEAnalysis of the FAMEs using a capillary gas chro-
matograph (GC) was carried out on a Shimadzu Gas
Chromatograph (Model: GC-2010; Shimadzu, Japan)
with a flame ionization detector (FID) on a split
niversity for Science 10 (2016) 490–496
Table 1
Some properties of the leaf oil of C. pallida.
Parameters Properties
Physical state at room temperature Semi-solid
Colour Dark green
Odour Pleasant
Total oil content (g/100 g) 8.60 ± 0.20
Density (g/ml) 1.356 ± 0.003
Specific gravity 1.240 ± 0.002
Acid value (mg KOH/g) 19.63 ± 0.22
Saponification value (mg KOH) 109.08 ± 2.87
Inhibition against bacteria Zone diameter (mm)
Bacillus subtilis 15
Escherichia coli 18492 S. Ukil et al. / Journal of Taibah U
injector. A SP-2560 capillary column (100 m
long ×  0.25 mm i.d.) was used for FAME analysis.
The temperature of the injection and detector ports was
set to 260 ◦C. The oven temperature programme was
initially set to 140 ◦C for 5 min, increased at a rate of
4 ◦C/min to 240 ◦C and finally held for 20 min at 240 ◦C.
The carrier gas used was nitrogen with a total flow rate
of 33.9 ml/min; volume injected 1 l; split ratio 1:30.
Peaks were identified by comparison of their retention
times with a Supelco 37 component FAME standard
mixture (Catalogue No. 18919 – 1 AMP) from Supelco,
USA. The percentage composition of the sample was
computed from the GC peak area.
2.6.  GC–mass  spectrographic  analysis
The methyl esters of fatty acids were analyzed by
gas chromatography–mass spectrometry on a Shimadzu
GCMS-QP 2010 Plus (Shimadzu, Japan) fitted with a
SP-2560 capillary column (100 m ×  0.25 mm i.d.). The
temperature of the injection and detector ports was set to
260 ◦C. The oven temperature was initially set to 140 ◦C
for 5 min, increased at a rate of 4 ◦C/min to 240 ◦C and
finally held at 240 ◦C for 5 min. The carrier gas was
nitrogen with a total flow rate of 16.3 ml/min. The MS
condition: ionization voltage, ion source temperature and
mass range were 70 eV, 270 ◦C and 30–700 mass units,
respectively. The individual peaks were identified by
comparing their retention indices and mass spectra with
the NIST/Wiley mass spectral database library.
2.7.  Antimicrobial  assay
Three bacterial strains Escherichia  coli  ATCC 25922,
Bacillus subtilis  ATCC 6633 and Acinetobacter  junii
MTCC 11818 maintained in nutrient agar medium (Hi
Media) were used for the assay. The agar diffusion
method (Washington, 1985) on nutrient agar medium
was followed with a crude extract (250 g/ml) against
test organisms (107 cfu/ml) having an individual cup
diameter of 9 mm. The antimicrobial capability was esti-
mated visually by measuring the inhibition zone. The
MIC of the fatty acid constituents of the oil was deter-
mined according to the method of Washington [24].
3.  Results  and  discussion
3.1.  Physicochemical  characterizationFrom the present experimental data, it was found
that the extracted oil from the leaves of C. pallida  was
dark green in colour and semi-solid in nature at roomAcinetobacter junii 18
temperature (27 ◦C). The oil contains chlorophyll, and
the yield of chlorophyll-containing oil was 8.60 g/100 g
leaf. The density and specific gravity of the oil were
1.356 ±  0.003 and 1.240 ±  0.002, respectively. The acid
value and saponification value were determined to be
19.63 ±  0.22 and 109.08 ±  2.87, respectively (Table 1).
The infrared spectra (Fig. 1) showed a broad band
at 3454.51 cm−1 for the –OH str. of the carboxyl
group; 2912.51 cm−1 and 2848.86 cm−1 for –CH2;
1734.61 cm−1 for the C O str.; 1462.04 cm−1 for C C
un-saturation and 1217.08 cm−1 for the C–O str. of the
carboxyl group). Nineteen fatty acids were identified
from 28 bands in the GC analysis (Fig. 2) followed
by GC–MS analysis and quantification (Table 2), rep-
resenting 96.72% of the total fatty acid content. The
balance (3.18%) was made up of nine unidentified com-
pounds. The amount of unsaturated fatty acids (53.25%)
in the oil was somewhat greater than that of saturated
fatty acids (43.57%). Their ratio in the oil was 1.22:1
(Table 2). However, the number of identified unsaturated
fatty acids was only 5 whereas the number of identi-
fied saturated fatty acids was 14. The most abundant
unsaturated and saturated fatty acids were linolenic acid
(34.06 ±  0.23%) and palmitic acid (24.47 ±  0.22%),
respectively. Other unsaturated fatty acids were linoleic
acid (13.50 ±  0.12%), oleic acid (4.60 ±  0.11%), 7-
hexadecanoic acid (1.00 ±  0.01%) and a very small
amount of 7,10-hexadecadienoic acid (0.09 ±  0.01%).
Among the saturated fatty acids other than palmitic
acid, stearic acid (4.84 ±  0.05%), eicosanoic acid
(3.61 ± 0.10%), behenic acid (3.67 ±  0.11%) and
tetrasanoic acid (4.08 ±  0.08%) were present in consid-
erable amounts. Nine other saturated fatty acids were
present in minute amounts (Table 2).
The low saponification value and pleasant odour of
the leaf oil of C. pallida  may be an indication of its

















































































mFig. 1. IR of fatty ac
uitability for nutritional use. Moreover, linoleic acid
omega-6 fatty acid) was present as a third major fatty
cid, which is one of the naturally occurring essential
atty acids. Linoleic acid is found to be beneficial for
uman health due to its regulation of body fat gain,
nhanced immunity, reduced inflammation and mini-
ized adverse reactions, which occur with increased
Fig. 2. Gas-chromatogram of fatty acid me1/cm
eaf (C. pallida) oil.
immunity of the body system. Both linoleic acid and
oleic acid are important from a nutritional point of view
as well as for the stability of the oil. Another impor-
tant fatty acid, linolenic acid, was present in very high
amounts. This fatty acid is also an omega-6 fatty acid and
is found to exhibit anti-inflammatory activity by some
metabolic end products [25–27].
thyl esters of leaf oil of C. pallida.
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Table 2
Fatty acid composition of the leaf oil of C. pallida by GC–MS.
Peak Retention time (in min) Molecular ion peak (M+) Name of the fatty acid methyl ester Relative percentagea
1 14.764 200.29 Undecanoic acid (C11:0) 0.11 ± 0.01
2 15.040 214.32 Lauric acid (C12:0) 0.07 ± 0.01
3 15.758 – Unidentified 0.08 ± 0.00
4 16.494 – Unidentified 0.10 ± 0.01
5 17.279 228.34 Tridecanoic acid (C13:0) 0.29 ± 0.02
6 17.997 242.37 Myristic acid (C14:0) 0.39 ± 0.02
7 19.585 258.40 Pentadecanoic acid (C15:0) 0.40 ± 0.04
8 20.076 – Unidentified 0.89 ± 0.03
9 20.717 – Unidentified 1.77 ± 0.11
10 21.276 270.42 Palmitic acid (C16:0) 24.47 ± 0.22
11 22.215 268.41 7-Hexadecanoic acid (C16:1) 1.00 ± 0.01
12 22.840 284.45 Heptadecanoic acid (C17:0) 0.55 ± 0.03
13 23.458 – Unidentified 0.09 ± 0.01
14 23.864 – Unidentified 0.04 ± 00
15 24.419 298.48 Stearic acid (C18:0) 4.84 ± 0.05
16 25.341 296.46 Oleic acid (C18:1) 4.60 ± 0.11
17 26.433 266.40 7,10-Hexadecadienoic acid (C16:2) 0.09 ± 0.01
18 26.772 294.45 Linoleic acid (C18:2) 13.50 ± 0.12
19 27.692 – Unidentified 0.01 ± 00
20 27.907 326.53 Eicosanoic acid (C20:0) 3.61 ± 0.10
21 28.412 292.40 Linolenic acid (C18:3) 34.06 ± 0.23
22 29.309 340.56 Heneicasanoic acid (C21:0) 0.15 ± 0.02
23 30.597 354.58 Behenic acid (C22:0) 3.67 ± 0.11
24 31.409 – Unidentified 0.05 ± 0.00
25 32.019 368.60 Tricosanoic acid (C23:0) 0.21 ± 0.02
26 33.300 382.64 Tetracosanoic acid (C24:0) 4.08 ± 0.08
27 34.787 – Unidentified 0.15 ± 0.02
28 36.219 410.69 Hexacosanoic acid (C26:0) 0.73 ± 0.01
Unsaturated fatty acids 53.25
Saturated fatty acids 43.57
Unidentified 3.18
Una Values are means ± S.D; n = 3
3.2.  Antibacterial  activity
The oil from the leaf extract of C.  pallida  showed
considerable activities against Gram-positive and Gram-
negative bacteria, though more significantly on Gram-
negative bacteria (Table 1). The MIC of the fatty acid
constitutes of the oil against E.  coli  and A.  junii  was
determined to be 10 ±  0.14 and 10 ±  0.25, respectively,
while in the case of B.  subtilis, it was 80 ±  0.58 (Table 3).
Table 3
MIC of the Fatty acid constituents of the leaf oil of C. pallida against some b
Antibacterial substances Test organisms
MIC (g/ml)
Bacillus subtilis 
Leaf oil 80 ± 0.58 
Tetracycline (control) 1.5 ± 0.04 
Ampicillin (control) 1 ± 0.02 saturated fatty acids:saturated fatty acids 1.22:1
The Gram-negative test organism E.  coli  is one
of the most important bacteria responsible for human
infection, which may be enterohaemorrhagic, enterotox-
igenic, uropathogenic and meningitis/sepsis-associated
[28]. Conversely, A.  junii  is a human pathogen, which is
particularly associated with outbreaks of septicaemia in
neonates and paediatric oncology patients [29]. Bacil-
lus subtilis  is a common cause of food spoilage, and
its heat-resistant spores often pose a challenge to the
acteria.
Escherichia coli Acinetobacter junii
10 ± 0.14 10 ± 0.25
2.5 ± 0.05 5 ± 0.08
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hermal efficacy of heat processes resulting in the
educed shelf life of many processed foods [30]. The
IC of the experimental oil against both E.  coli  and A.
unii was 10 g/ml, while in the case of B.  subtilis, it
as much higher (80 g/ml). Sokovic´ et al. [31] eval-
ated the MIC of oil from 10 commonly consumable
erbs, namely, Citrus  aurantium, C.  limon, Lavandula
ngustifolia, Matricaria  chamomilla,  Mentha  piperita,
. spicata,  Ocimum  basilicum, Origanum  vulgare,  Thy-
us vulgaris  and Salvia  ofﬁcinalis. The MIC of oil
gainst B.  subtilis  varies from 1.5 to 7 g/ml, while it
as between 2.5 and 10 g/ml against E.  coli. Our find-
ngs more or less corroborate the antimicrobial effects of
ssential on Gram-negative bacteria but are much higher
or Gram-positive bacteria. Rahman et al. [32] reported
he MIC of oil from Ferula asafoetida against  B. subtilis
nd E.  coli  to be 165 g/ml and 110 g/ml, respectively.
he exact mechanism of the antibacterial activities of
atty acids remains unclear. The prime target seems to
e the bacterial cell membrane and various essential pro-
esses involving it. The important processes include cell
ysis, induction of autolysis, leakage of cell metabolites,
isruption of the electron transport chain, enzyme inhibi-
ion, inhibition of nutrient uptake, and interference with
xidative phosphorylation [33].
.  Conclusion
This is the first report about the physicochemical
roperties, fatty acid profile and antimicrobial activities
f oil isolated from C.  pallida  leaves. Nineteen fatty acids
ere identified by gas-liquid chromatography followed
y GC–MS. A pleasant odour, low saponification value
nd the presence of linoleic acid, oleic acid and linolenic
cid in good amounts indicate its suitability for nutri-
ional use. The broad spectrum of activity may make
he oil attractive as an antibacterial agent for various
pplications in medicine, agriculture, food preservation,
osmetics and nutraceuticals, especially where the use
f conventional antibiotics is undesirable or forbidden.
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